ABSTRACT CM chondrites are the most common type of hydrated meteorites, making up ∼1.5% of all falls. Whereas most CM chondrites experienced only low-temperature (∼0°C-120°C) aqueous alteration, the existence of a small fraction of CM chondrites that suffered both hydration and heating complicates our understanding of the early thermal evolution of the CM parent body(ies). Here, we provide new constraints on the collisional and thermal history of CM-like bodies from a comparison between newly acquired spectral measurements of main-belt Ch/Cgh-type asteroids (70 objects) and existing laboratory spectral measurements of CM chondrites. It first appears that the spectral variation observed among CM-like bodies is essentially due to variations in the average regolith grain size. Second, the spectral properties of the vast majority (unheated) of CM chondrites resemble both the surfaces and the interiors of CM-like bodies, implying a "low" temperature (<300°C) thermal evolution of the CM parent body (ies). It follows that an impact origin is the likely explanation for the existence of heated CM chondrites. Finally, similarly to S-type asteroids and (2) Pallas, the surfaces of large (D>100 km)-supposedly primordial-Ch/ Cgh-type main-belt asteroids likely expose the interiors of the primordial CM parent bodies, a possible consequence of impacts by small asteroids (D<10 km) in the early solar system.
INTRODUCTION
CM chondrites are phyllosilicate-rich meteorites that make up ∼1.5% by number of all falls. Whereas the bulk of each CM chondrite mainly consists of an extremely fine-grained hydrous matrix, these meteorites also comprise high-temperature components (chondrules and CAIs) whose abundance varies widely, from ∼50% to 0% in volume (Hutchison 2004) , with the lowest fractions being mainly a consequence of the destruction of chondrules during aqueous alteration as well as brecciation.
CM chondrites display a wide range of degrees of aqueous alteration (Brearley 2006; Alexander et al. 2013) . Most CM chondrites are classified as petrologic type 2, indicating that they typically have essentially fully hydrated matrices, but within CM2 chondrites, the extent of alteration of chondrules is highly variable from one chondrite to another and is a function of the degree of alteration of the host meteorite and the chondrule type (Hanowski & Brearley 2001) . A few CM chondrites exist that show essentially 100% hydration and have been termed CM1 chondrites.
From the hydrated mineralogy and chemistry of CM chondrites (phyllosilicates represent 70%-80% of the volume fraction; Bland et al. 2004; Howard et al. 2009 Howard et al. , 2011 Howard et al. , 2015 , it is believed that they formed from a mixture of water ice and dust and subsequent heating due to the decay of short-lived radioactive nuclides (Urey 1955) led in chronological order to (1) ice melting and (2) aqueous alteration of the dust and thereby formation of secondary phases including phyllosilicates, carbonates and iron oxides which represent most of the volume. It is not yet fully resolved, however, whether the dust accreted by the CM parent bodies was initially dry or if it had already undergone some aqueous alteration prior to accretion (see Brearley et al. 2006; Zolensky et al. 2008 and references therein). Nevertheless, although preaccretionary alteration may have been important in CM chondrites, its effects have certainly been overprinted by later parent body alteration (Brearley et al. 2006) . Finally, whereas most CM chondrites experienced only low temperature (∼0°C-120°C and certainly less then 300°C; Dufresne & Anders 1962; Zolensky et al. 1989 Clayton & Mayeda 1999; Guo & Eiler 2007) aqueous alteration (we call them typical CM chondrites), a low fraction of CM chondrites (Tonui et al. 2014; Nakamura et al. 2015) suffered both hydration and heating (unusual CMs). These meteorites were heated to >300°C but questions still remain regarding the mechanism, timing and duration of the heating event (King et al. 2015) . Note that Cody et al. (2008) showed that at least one unusual CM, Y 86720, was heated for a very short time (i.e., by an impact).
In parallel to laboratory studies of the spectral properties of both typical and unusual CM chondrites (e.g., Gaffey 1976; Cloutis et al. 2011 Cloutis et al. , 2012 Takir et al. 2013; Beck et al. 2014a; McAdam et al. 2015; Nakamura et al. 2015; Garenne et al. 2016) , photometric and spectroscopic observations in the visible and 3 μm wavelength region of main belt asteroids performed over the last 30 years suggest that Ch-and Cgh-type asteroids are the likely parent bodies of CM chondrites (Vilas & Gaffey 1989; Vilas et al. 1993; Lantz et al. 2013; Burbine 2014) . These two asteroid types, which represent ∼10% of the mass of the asteroid belt (Rivkin 2012; DeMeo & Carry 2013) , can be found at all heliocentric distances within the asteroid belt with a number fraction that appears fairly constant with solar distance, although their abundance may be higher in the middle asteroid belt (2.50-2.82 au) than elsewhere (Bus 1999; Rivkin 2012 ). An in-depth analysis of the spectral characteristics of the hydration bands of Ch and Cgh types in the visible and 3 μm regions has revealed positive correlations between the asteroid diameter and (1) the depths and/or presence of the 0.7 μm band (Vilas & Sykes 1996 , and more recently Fornasier et al. 2014) , and (2) the depth of the 3 μm band (Rivkin et al. 2015) . Partial dehydration as a consequence of thermal metamorphism in the interior of CM parent bodies has been proposed as a possible explanation for the observed correlations (Fornasier et al. 2014) .
Here, we present new spectroscopic observations of 70 Chand Cgh-type main belt asteroids and members of four Ch-type families (Adeona, Choris, Dora, Veritas) performed over the near-infrared range (0.7-2.5 μm). This fills in the gap in data between the previously acquired spectra in the visible and 3 μm regions. We utilize this new data set, along with laboratory spectra of CM chondrites from the RELAB database (http:// www.planetary.brown.edu/relab/) and data from the University of Winnipegʼs PSF database (http://psf.uwinnipeg.ca), to provide new constraints on the early thermal evolution of CMlike bodies. In particular, we use our spectral data to determine whether high temperature (>300°C) metamorphism leading to dehydration did occur in the interiors of the CM parent bodies as a consequence of radiogenic heating.
OBSERVATION AND DATA REDUCTION
New data presented here are near-infrared asteroid spectral measurements for Ch-and Cgh-type asteroids from 0.7-2.5 μm obtained using SpeX, the low-to medium-resolution near-IR spectrograph and imager on the 3 m NASA IRTF located on Mauna Kea, HI. Observing runs were conducted remotely primarily from the Observatory of Paris-Meudon, France between 2010 April and 2012 January. The spectrograph SpeX, combined with a 0.8×15 arcsec slit, was used in the low-resolution prism mode for acquisition of the spectra in the 0.7-2.5 μm wavelength range. In order to monitor the high luminosity and variability of the sky in the near-IR, the telescope was moved along the slit during the acquisition of the data so as to obtain a sequence of spectra located at two different positions (A and B) on the array. These paired observations provided near-simultaneous sky and detector bias measurements.
Objects and standard stars were observed near the meridian to minimize their differences in airmass and match their parallactic angle to the fixed N/S alignment of the slit. Our primary solar analog standard stars were 16 Cyg B and Hyades 64. Additional solar analog stars with comparable spectral characteristics were utilized around the sky. Two to three sets of eight spectra per set were taken for each object, each with exposures typically being 120 s. Finally, reduction and telluric correction was performed using a combination of routines within the Image Reduction and Analysis Facility and Interactive Data Language.
In addition, we complemented our data set with additional near-infrared spectra retreived from the SMASS database (http://smass.mit.edu/). Combining these near-infrared measurements with available visible wavelength spectra (Bus 1999; Lazzaro et al. 2004 ) allows for the first time an extensive visible and near-infrared (VNIR) spectral database of main-belt Ch and Cgh types with D > 45 km (78% or 49/63 of all Ch and Cgh types listed in SMASS; see Table 1 , Figures 1 and 2 ).
RESULTS
We first performed a detailed analysis of our telescopically measured asteroid spectra. In particular, we focussed on the spectral slope and the ∼0.7 μm band depth for all objects' spectra because these two parameters characterize the spectral diversity that is present in our sample especially well. In order to be as complete as possible, we did not restrict our analysis to our sample of VNIR spectra for the calculation of the ∼0.7 μm band depth, but we also included available visible spectra of the Ch and Cgh types. The ∼0.7 μm band depth of each asteroid was derived by fitting two fourth-order polynomials to the slope-removed spectrum, one centered at ∼0.55 μm where the asteroidʼs reflectance reaches a local maximum value, and one around the position of the absorption band center at ∼0.7 μm. The slope was calculated by performing a linear regression to the spectrum The band depth was then calculated as the difference between the maximum value of the first polynomial and the minimum value of the second one, divided by the maximum value of the first polynomial.
As a second step, we searched for possible correlations between these two parameters and the objects' physical and dynamical properties, including their diameters, their albedos and their perihelion distances (to test for a change in hydration with heliocentric distance). For all objects with D>45 km, we found significant positive correlations between the diameter and (a) the spectral slope over the visible and near-infrared range (correlation coefficient r=0.34, N=49−a>98% confidence level that this correlation is not random), (b) the band depth (r=0.24, N=86−a>97% confidence level that this correlation is not random), and (c) the albedo (r=0.38, N=84−a>99.9% confidence level that this correlation is not random; see Figure 3 ). When taking the smaller bodies into account, the correlation remains highly significant only between the diameter and the spectral slope (correlation coefficient r=0.51, N=70−a>99.9% confidence level that this correlation is not random). Vilas & Sykes (1996) and Fornasier et al. (2014) previously reported a similar correlation between the 0.7 μm band depth and/or presence and the asteroid diameter for D>50 km CM-like asteroids.
As a third step, we performed a detailed comparison of our telescopically measured asteroid spectra with analogouswavelength laboratory measurements of CM chondrites (Cloutis et al. 2011 )-including those that have been heated (Cloutis et al. 2012 )-in order to identify plausible explanations for the observed correlations. For typical CM chondrites, we found a highly significant negative correlation (Figure 3 ) between the average grain size and (a) the spectral slope over the VNIR range (r=−0.83, N=23−a>99.9% confidence level that this correlation is not random; result, in agreement with the findings of Binzel et al. 2015) , (b) the band depth (correlation coefficient r=−0.58, N=23−a>99% confidence level that this correlation is not random), and (c) the reflectance at 0.55 μm (r=−0.64, N=23−a>99.9% confidence level that this correlation is not random). Our findings thus support the idea of an anti-correlation between the size of an asteroid and its regolith particle size (Delbo et al. 2007; Delbo & Tanga 2009; Gundlach & Blum 2013) . It is interesting to note that the values of the correlation coefficient follow the same trend for asteroids and meteorites (lowest for the 0.7 μm band depth and highest for the spectral slope; Figure 3 ). A particle-size effect may also explain the observed correlation between the 3 μm band depth and the asteroid diameter (Rivkin et al. 2015) . The few available laboratory spectra of CM chondrites in this wavelength range support this hypothesis, with fine-grained spectra displaying deeper 3 μm bands with respect to coarse-grained spectra (See Figure 4) . If the above interpretation is correct, one should observe the same anti-correlation between the regolith grain size and the asteroid diameter among other asteroid classes including among the well-studied S-type asteroids. In order to avoid any effect due to composition, we performed such investigation for olivine-rich, metal-poor LL-like asteroids thus avoiding the band depth reducing effect of metal among the metal-rich H-like bodies. Note that we have previously performed the analysis of their spectral properties (Vernazza et al. 2008 (Vernazza et al. , 2014 ) and the present investigation only required using the best-fit values derived at that time with a radiative transfer model (Shkuratov et al. 1999) . In the previous studies, we found a highly significant negative correlation between the grain size derived by our model (the model output is actually the optical pathlength which is proportional to the grain size) and the asteroid diameter (r=−0.66, N=55−a>99.9% confidence level that this correlation is not random), thus validating the above interpretation ( Figure 5) .
We therefore find, on average, that the reflectance spectra of fine-grained (<100 μm) typical CM chondrites closely reproduce the reflectance properties of the largest (D>100 km) CM-like asteroids (higher albedo, redder slope and deeper 0.7 μm bands), whereas the spectra of coarser grained (100-200 μm) typical CM chondrites appear to better match the spectral properties of smaller-sized (D<60 km) CM-like asteroids (lower albedo, bluer slope and shallower 0.7 μm bands; Figure 6 ).
We notice, however, that the derived slope, 0.7 μm band depth, and albedo values for our asteroid sample are slightly shifted with respect to the meteorite ones, implying that an additional effect is operating on asteroids. On average, the asteroid spectra are bluer and possess shallower 0.7 μm band depths. These two differences are consistent with laboratory experiments that simulate the space weathering effects of micrometeorite bombardment (Matsuoka et al. 2015) and vacuum exposure of serpentinite (Cloutis et al. 2008) , solar wind ion irradiation having little influence on the spectral properties of CM chondrites (Lantz et al. 2015) . Note that it is difficult to interpret the difference between the asteroid albedos and meteorite reflectances given that these two quantities are not directly equivalent. Space weathering effects may also explain the fact that the smaller (D<∼30 km) CM-like asteroids possess, on average, deeper 0.7 μm bands. Indeed, their surfaces being younger (small asteroids possess shorter collisional lifetimes with respect to larger ones), the spaceweathering effects caused by the bombardment of micrometeorites have not had time to operate.
The consequence of these smaller objects (D<∼30 km) possessing, on average, deeper 0.7 μm bands is that the average slope removed spectrum of D<60 km Ch/Cgh-type asteroids is nearly identical to the average spectrum for D>100 km bodies (Figure 7) . Interestingly, while many D<∼60 km sized bodies are likely collisional fragments (Bottke et al. 2005; Consolmagno et al. 2008; Morbidelli et al. 2009; Carry 2012 , and references therein) representing the interiors of the original potential CM parent body(ies), large bodies (D>100 km) are more likely to be largely intact survivors capable of preserving at least some of their original surface materials. Our results thus imply no significant compositional difference between the surface (D>100 km) and the interior (D<60 km) for the potential parent bodies of CM chondrites, both (interior and surface) being compatible with the vast majority of the CM chondrites (namely, typical CMs).
Finally, a direct comparison of our asteroid spectra with those of the heated CM chondrites indicates that these meteorites can only make up small proportions (<10%) of the asteroid surfaces (Figure 8 ). In particular, there is no evidence of this material being more abundant in the interiors (D<60 km) then at the surfaces (D>100 km) of primordial CM-like bodies.
IMPLICATIONS

Anti-correlation between the Size of an Asteroid and its Regolith Grain Size
On the basis of an in-depth analysis of the visible and nearinfrared spectral properties of CM-like (Ch and Cgh types) asteroids, we found a positive correlation between various parameters (spectral slope, 0.7 μm band depth, asteroid albedo) and the asteroid diameter. We analyzed the visible and nearinfrared spectral properties of classical CM chondrites in the same way and found a negative correlation between these same parameters (spectral slope, 0.7 μm band depth, reflectance at 0.55 μm) and the grain size of the sample. These trends suggest that for CM-like asteroids, there is an anti-correlation between the asteroid diameter and the regolith grain size. To test whether or not this anti-correlation is independent of the asteroid surface composition, we searched for a similar trend among the S-type asteroids with an LL-like composition. We found that the anti-correlation is also highly significant for these objects, suggesting that our findings are global. It Notes. The signal-to-noise ratio for most asteroid spectra is generally above 100, and above 50 for all objects. a For observations reported here, we give the observation date (UT). All near-infrared (NIR) data were obtained using the NASA IRTF at Mauna Kea, Hawaii. b Albedo and diameters were taken from IRAS and/or WISE (Masiero et al. 2011 (Masiero et al. , 2012 ).
therefore appears that the spectral variability observed among CM-like asteroids is mainly due to a variation of the average regolith grain size rather than to different thermal histories (Fornasier et al. 2014; Rivkin et al. 2015) . Our findings are consistent with evidence that have been accumulated over the years in support of an anti-correlation between regolith grain size and asteroid diameter. The first indications that this might be the case came from polarization measurements (Dollfus & Zellner 1979 and references therein) that showed that the moon and Vesta possess fine-grained regoliths. Later on, a survey of the spectral properties of S-type asteroids (Gaffey et al. 1993 ) revealed a correlation between band depth and diameter, but grain size was not recognized at the time as the main cause of the spectral variability. In the mid-infrared range, measurements of the thermal inertia revealed an anti-correlation between the regolith grain size Figure 1 . Plots of the final reduced NIR spectra of Ch/Cgh-type asteroids (non-family members) presented in this paper combined with available visible wavelength spectra (Bus 1999; Lazzaro et al. 2004) . The asteroid number is indicated on each plot. and the gravitational acceleration (i.e., diameter) of an asteroid (Delbo et al. 2007; Delbo & Tanga 2009; Gundlach & Blum 2013 ). In addition, it was shown that such an anticorrelation is independent of the asteroid spectral class (Gundlach & Blum 2013) . In this same wavelength range, a spectral variability for differently sized compositionally similar asteroids was noticed (Vernazza et al. 2010 ) and interpreted as being caused by different particle size distributions. Space missions have provided the most recent piece of evidence along these lines. The regolith of the S-type asteroid Itokawa (D∼0.3 km; Demura et al. 2006 ) regolith appears to be dominated in number by grains >1 mm in size (Miyamoto et al. 2007) , whereas the surfaces of larger asteroids such as Lutetia (D∼98 km; Sierks et al. 2011) and Vesta (D∼525 km; Jaumann et al. 2012; Russell et al. 2012) appear to be covered by finer-grained regolith that are similar to that of the moon (Hiroi et al. 1994; Coradini et al. 2011; Jaumann et al. 2012; Vincent et al. 2012) . That said, the Itokawa regolith particles that were returned to Earth are fine-grained (size range between 3 and 180 μm, but most are <10 μm, Nakamura et al. 2011) .
It thus appears that for interpreting correctly the surface composition of asteroids, one needs to use laboratory spectral measurements of compositionally analogous materials collected with the appropriate grain size range. For D>100 km asteroids, a grain size range of ∼0-50 μm would be the most appropriate, whereas for D<100 km, one should use spectra collected for particle sizes in the ∼50-200 μm range. For the IDP-like C-, P-, and D-type asteroids (Vernazza et al. 2015) , excluding Ch and Cgh types analyzed here, one should use a grain size range of ∼0-2 μm.
Finally, as discussed in Gundlach & Blum (2013) , the decrease in regolith grain size with increasing asteroid diameter can be qualitatively understood as a natural consequence of the collisional history of the asteroids. Indeed, since for a given impact the smaller grains reach the highest velocities (Fujiwara & Tsukamoto 1980; Vickery 1986 Vickery , 1987 Nakamura & Fujiwara 1991; Nakamura 1993; Nakamura et al. 1994) , it is expected that these velocities will exceed the escape velocity in the case of the smaller bodies whereas larger bodies will have sufficient gravity to retain the smallest particles. Also, the collisional lifetime of an asteroid being inversely proportional to its size, smaller asteroids possess, on average, much younger surfaces than larger ones, their surfaces being reset more frequently via collisions. The formation of fine regolith grains either via impacts or thermal fatigue fragmentation (Delbo et al. 2014 ) being a time-dependent process, it is thus expected that larger asteroids will possess, on average, a higher fraction of fine grained material at their surfaces compared to smaller asteroids.
Low Temperature Thermal Evolution for the CM Parent Bodies
Here, we found that the spectral properties of Ch-and Cghtype asteroids, including those of the family members, appear very similar to those of the vast majority of CM chondrites. In particular, the spectral properties of the unusual heated CM chondrites appear globally inconsistent with those of our asteroid sample, implying that these meteorites can only represent a small fraction of the surface material of CM-like bodies. This is in agreement with their low abundance among CM falls and finds. The spectral properties of Ch-and Cgh-type asteroids thus argue against extensive heating of CM-like bodies. Consequently, the vast majority of CM chondrites closely resemble both the surfaces and the interiors of CM-like bodies. Figure 2 . Plots of the final reduced NIR spectra of Ch/Cgh-type asteroids (family members; name of the collisional family is indicated in parenthesis) presented in this paper combined with available visible wavelength spectra (Bus 1999; Lazzaro et al. 2004) .
From the present study, it seems unlikely that the heated CMs originate from the cores of CM-like bodies where they would have been heated via the decay of short-lived radionuclides during the early history of the solar system. If this would have been the case, this would imply that the interior of CM-like bodies once reached peak temperatures of ∼500°C-700°C (this is the estimated peak temperature for a number of heated CMs, Tonui et al. 2014; King et al. 2015 ) and a consequence of such peak temperature would be-following current thermal models-that most of the interior volume (up to 10-20 km below the surface) of CM-like bodies would have been heated to high temperatures as well (e.g., Grimm & McSween 1989; Cohen & Coker 2000; Castillo-Rogez & Schmidt 2010; Schmidt & Castillo-Rogez 2012 ). Yet this is neither consistent with our spectral data nor with the properties of CM chondrites where heated CMs represent only a small fraction of all CM chondrites.
An alternative and more likely hypothesis is that the heated CM chondrites formed via impacts over the course of solar system history. Short duration thermal metamorphism through hypervelocity impacts has the potential to dehydrate the phyllosilicates (Beck et al. 2014b) . Such a phenomenon has been observed in impact experiments conducted on serpentine minerals (Akai & Kanno 1986) , and similar behavior has been observed during shock experiments on Murchison (e.g., Tyburczy et al. 1986; Tomeoka et al. 1999) . Importantly, the fact that the organic matter in CM chondrites shows a structural (left) For D>45 km Ch/Cgh-type asteroids, we observe a statistically significant positive linear relation between the diameter and (1) slope, (2) 0.7 μm band depth, and (3) geometric albedo. Non-family members are labelled in black whereas family members appear in blue. (right) For classical CM chondrites, we observe a statistically significant negative linear relation between the average grain size and (1) slope, (2) 0.7 μm band depth, and (3) reflectance at 0.55 μm. The average grain size was taken half way between two sieve sizes. From left to right, the sieve sizes were as following: 0-40, 0-63, 0-125, 63-125 m, and 100-200 μm. In all cases, the number of points (N) and the correlation coefficient (r) are indicated on the plot. evolution different from that experienced by ordinary chondrites (Quirico et al. 2014) seems to points toward impact heating as the heat source (this applies also to heated CR chondrites; Briani et al. 2013) . Also, some evidence for short-duration heating are present in the form of exciton in the Carbon XANES spectra (Cody et al. 2008 ) of one heated CM chondrite and is reproduced by flash heating experiments. This would tend to support impact metamorphism as a heat source. In summary, impact alteration products would seem the likely explanation for the heated CM chondrites and would naturally explain their low abundance among CM falls and finds. Concerning the early thermal evolution of CM-like Ch-and Cgh-type asteroids, it likely occurred at low temperature so that both the near surface and interior of these bodies resemble the typical relatively unheated and phyllosilicate-rich CM chondrites. These constraints will serve as input to models attempting to reproduce the early thermal evolution of CM-like bodies. . Anti-correlation between regolith grain size and asteroid diameter for CM-like asteroids. The spectral properties of large (D>100 km; 34 objects) asteroids (top) follow, on average, the same trend as those of fine-grained CM chondrites (bottom). Reciprocally, the spectral properties of the smaller (D<60 km; 23 objects) asteroids (top) follow, on average, the same trend as those of coarse-grained (grain size >100 μm) CM chondrites (bottom). Comparison between the average spectral properties of the small (D<60 km) and large (D>100 km) Ch/Cgh-type asteroids after slope removal. Both the absence of any spectral difference-apart from the spectral slope-between the large and small Ch/Cgh-type asteroids and the fact that these objects have spectral properties compatible with those of typical unheated CM chondrites implies: (1) a compositional homogeneity of CM parent bodies, and (2) a "low" temperature (<300°C) thermal evolution of the CM parent bodies. Figure 8 . Comparison between the average spectrum of Ch/Cgh-type asteroids (after slope removal) and a best fit using several CM chondrites (unheated and heated) spectra as input. The best fit is obtained for a linear mixture of unheated CM chondrites. When imposing an increasing fraction of metamorphosed CM chondritic material, the chi-square becomes worse. This minimizes the presence of metamorphosed CM chondrite material at the surfaces of CMlike bodies.
Finally, this study has shown that one has to be careful when using the depth of the 0.7 and 3 μm bands when assessing the thermal histories of phyllosilicate-rich CM-like bodies. The latter appears to be anti-correlated with grain size in the case of a CM composition and thus positively correlated with the size of the asteroid. Thus, shallow 0.7 and/or 3 μm bands are not necessarily indicative of dehydration. Along these lines, McAdam et al. (2015) have recently shown that the presence of a 0.7 μm charge transfer band is an indicator of aqueous alteration, but is insensitive to the degree of alteration. They have also shown that some CM/CI meteorites, which range in alteration from 60 to 90 vol.% phyllosilicates, do not have a charge transfer band, implying that multi-wavelength observations of asteroids are crucial for determining both the state and degree of aqueous alteration.
Surfaces of CM-like Asteroids as Exposed Interiors?
Our observations of phyllosilicate-rich surface compositions for present-day D>100 km CM-like asteroids is unexpected since thermal evolution models for CM-like bodies and more generally for small bodies (D<300 km) that accreted from a mixture of dust and ice predict, as a direct consequence of radiogenic heating, the formation of a body consisting of (1) a primordial ∼6-15 km thick outer shell that did not experience aqueous alteration (i.e., that remained frozen), and (2) an aqueously altered interior (e.g., Grimm & McSween 1989; Cohen & Coker 2000; Young 2001; Brearley 2006, pp. 584-624; Palaguta et al. 2010 ). As such, the surface material we observe today on large (D>100 km) CM-like bodies is consistent with a formation in the interior of once larger bodies if one assumes that the dust prior to accretion was dry. In this case, a natural explanation for the surfaces of supposedly primordial (collisionally undisrupted) D>100 km CM-like asteroids consisting mostly of material formed in the interior (hydrated silicates), is that impacts by asteroids over the course of solar system history, and in particular those that occurred during the first ∼20 Myr of solar system formation (Ciesla et al. 2013) , brought deep material up to the surface. One can also not exclude that the surfaces were progressively stripped away revealing the altered material below it. Such collisional histories for CM-like bodies is supported by the fact that all CM chondrites studied by Bischoff & Schultz (2004) and Bischoff et al. (2006, pp. 679-712) were classified as regolith breccias. Note that similar collisional histories have been predicted for S-type asteroids (Vernazza et al. 2014) . Such a collisional history would also be consistent with the hydrated surface composition of (2) Pallas (e.g., Hiroi et al. 1996; Rivkin et al. 2003 ) and the suggestion that this object lost its primordial icy crust following impacts as proposed by Schmidt & Castillo-Rogez (2012) . If the dust particles prior to accretion were already hydrated as advocated by Metzler et al. (1992) and Bischoff (1998) , then the need to invoke an intense postaccretionary collisional evolution would be alleviated. However, the textural evidence in CM chondrites for hydration prior to accretion is weak at best (Brearley 2006, pp. 584-624) .
Importantly, a similar observation is not made in the case of many C-, P-, and D-type asteroids that seem to have preserved at least part of their primordial outer shell. This is deduced both from the absence of a 3 μm feature in their spectra (e.g., Emery & Brown 2003; Rivkin et al. 2003; Takir & Emery 2012) combined with the presence of fine-grained anhydrous silicates at their surfaces (e.g., Emery et al. 2006; Vernazza et al. 2012 Vernazza et al. , 2015 Marsset et al. 2016) . Altogether, these observations would support the idea (1) that ordinary chondrite and CM chondrite parent bodies experienced a more violent collisional history than C-, P-, and D-type (IDP-like) asteroids, or (2) that the IDP-like (C, P, D) asteroids possessed a much thicker primordial outer shell with respect to CM-like bodies, possibly as a consequence of a later accretion and/or longer duration of accretion. Both cases would argue in favor of different formation locations for CM-like and IDP-like bodies (e.g., Walsh et al. 2011 ).
CONCLUSION
We conducted an extensive spectroscopic survey in the nearinfrared range of 70 main-belt Ch/Cgh-type asteroids and 4 Ch/Cgh-type families and combined these measurements with available visible wavelength spectra. A detailed comparison of the spectral properties of our asteroid sample with those of their meteoritic analog (CM chondrites) first allowed us to constrain the origin of the spectral variation observed among Ch/Cgh types. The latter is coherent with fine-grained CM-like regolith being present at the surfaces of the largest bodies and coarsegrained CM-like regolith being present at the surfaces of the smaller bodies. This anti-correlation between the asteroid diameter and the average regolith grain size is coherent with previous measurements in the thermal infrared. A proper understanding of the spectral variation among CM-like asteroids futher allowed us to reach the following conclusions regarding their collisional and thermal history.
(1) The spectral properties of Ch-and Cgh-type asteroids including those of the family members appear very similar to those of the vast majority (unheated) CM chondrites. In particular, the spectral properties of the less common thermally metamorphosed CM chondrites appear globally inconsistent with those of our asteroid sample implying that these meteorites can only represent a small fraction of the surface material of CM-like bodies, in agreement with their low abundance among CM falls and finds. The spectral properties of Ch-and Cgh-type asteroids thus argue against heavy thermal evolution of CM-like bodies. The latter must have occurred at low temperature (<300°C), and consequently the vast majority of CM chondrites reflect well both the surface and the interior of CM-like bodies. Finally, an impact origin for heated CM chondrites is favored by our observations. (2) The CM-like surfaces of the largest (D>100 km)-supposedly primordial-Ch/Cgh-type asteroids are coherent with being exposed interiors if one assumes that the dust from which the CM parent bodies accreted was mostly dry. A similar conclusion has been reached in the past in the cases of S-type asteroids (Vernazza et al. 2014) and (2) Pallas (Schmidt & Castillo-Rogez 2012) . However, a similar observation is not made in the case of many IDP-like C-, P-, and D-type asteroids that seem to have preserved at least part of their primordial outer shell. This apparent dichotomy favors different formation locations for CM-like and IDP-like bodies.
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